Topological materials are expected to show distinct transport signatures due to their unique band-inversion character and band-crossing points. However, the intentional modulation of such topological responses by experimentally feasible means is less explored. Here, an unusual elevation of anomalous Hall effect (AHE) is obtained in electron(Ni)-doped magnetic Weyl semimetal Co 3-x Ni x Sn 2 S 2 , showing peak values of anomalous Hall-conductivity, Hall-angle and Hall-factor at a relatively low doping level of x = 0.11. The separation of intrinsic and extrinsic contributions to total AHE using TYJ scaling model indicates that such significant enhancement is dominated by the intrinsic mechanism of electronic Berry curvature. Theoretical calculations reveal that compared with the Fermi-level shifting from electron filling, a usually overlooked effect of doping, i.e., local disorder, imposes a striking effect on broadening the bands and narrowing the inverted gap, and thus results in an elevation of the integrated Berry curvature.
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As a pseudo-magnetic field in the momentum space, the Berry curvature describes the geometric phase of the wavefunction and the topology of the energy bands [1, 2] . In magnetic materials with broken time-reversal symmetry, the integration of the Berry curvature of all the occupied states through the whole Brillouin zone adds a transverse velocity term into the equation of motion, giving rise to intrinsic contribution to the anomalous Hall conductivity (AHC) [2, 3] . In topological materials with an inverted order between conduction and valence bands, the nontrivial Berry curvature is expected to lead to significant contribution to the anomalous Hall effect and the relevant physical properties. Recently, a magnetic Weyl semimetal Co 3 Sn 2 S 2 was experimentally confirmed [4] [5] [6] [7] , with an giant AHC (~1130 Ω -1 cm -1 ) and anomalous Hall angle (AHA, ~20%). The AHC measured in experiment is highly consistent with the theoretical calculations from the Berry curvature, indicating that the AHC is dominated by intrinsic contribution, which originates from the clean nontrivial bands around the Fermi level (E F ) leading to large Berry curvature from the band inversion and Weyl nodes [4] .
How to further enhance the transverse transport effect like AHC in magnetic topological materials, especially in Co 3 Sn 2 S 2 that already has a giant value? According to Kubo formula [8] , the intrinsic AHC is closely related to two factors. One is the electron occupation determined by the position of E F ; the other is the topological band character around E F , such as the size of the inverted band gap. We consider the possibility of doping, which is well established as one of the best ways to control the material properties. In Co 3 Sn 2 S 2 , it is predicted that the position of E F is already optimal for the integrated Berry curvature [4] , implying that within the rigid band framework, doping is thus not expected to further elevate the intrinsic AHC. However, compared with the electric voltage gating effect [9, 10] , chemical doping-induced modulation of electronic structure is often overlooked. For example, a disordered distribution of the dopants will change the local potential environment and destroy the translational symmetry of the system [11, 12] , which inevitably modifies the band structure of the system and affects the intrinsic AHC. Meanwhile, the introduction of alien atoms may cause the impurity scattering, which usually generates an extrinsic contribution to the AHC [13] .
Therefore, the physical understanding of doping for the AHC in topological materials is intricated and thus requires comprehensive explorations.
In this Letter, through transport measurements, transport model scaling, and atomistic description of chemical doping theory encoded in first-principles calculations, we find that in Co 3-x Ni x Sn 2 S 2 with Ni atoms substituting Co, the doping behavior simultaneously tunes the electron occupation and the inverted band gap, which give rise to opposite contributions to the AHC. Remarkably, with low doping concentrations (x ≤ 0.1), disorder-induced band gap narrowing dominates the modulation of Berry curvature, lea、ding to a sizable enhancement of AHC up to 60% compared with the undoped sample. Scaling models elucidate that such enhancement of AHC is mainly from the intrinsic contribution rather than extrinsic one such as skew scattering and side jump. Our work not only provides a practical way to further enhance the AHC and relevant properties by tailoring the Berry curvature in topological semimetals, but also reveals the impact of doping-induced disorder effect to the emergent topological properties.
In order to probe the evolution of AHC with Ni substitution of Co, i.e., Co 3-x Ni x Sn 2 S 2 , a series of single crystals of Co 3-x Ni x Sn 2 S 2 (0 ≤ x ≤ 0.22), with an initial mixture of molar ratios of (Co+Ni) : S : Sn : Pb = 12 : 8 : 35 : 45, was grown using Sn and Pb mixed flux. The chemical compositions of these crystals were determined using the energy dispersive X-ray spectroscopy (See Fig. S1 and Table S1 ). Figure 1 
. The results at 10 K show a first increase and a subsequent decrease with increasing Ni content, forming a maximum of 1382 Ω -1 cm -1 at x = 0.11 ( Fig. 1(d) ). The prominent enhancement from 850 to 1382 Ω -1 cm -1 shows an increase by more than 60% at the low doping levels. On the other hand, as an important measure of the transport properties of anomalous Hall materials, the AHA reflects the conversion efficiency of longitudinal current to transverse one, which can be characterized by
With increasing Ni content, one can see the AHA increases up to 14% at 10 K, showing a small peak at x = 0.11, as shown Fig. 1(e Fig. S3 ). For each Ni content, the maximal 5 value of AHA is also shown in Fig. 1(e ). Clearly, a sharp peak of AHA appears, with a maximum of 22% also at x = 0.11, which is higher than the undoped Co 3 Sn 2 S 2 . These experimental results unambiguously show that about 10% Ni doping to topological Weyl semimetal Co 3 Sn 2 S 2 leads to significant enhancement of AHC, indicating that the manipulation of Berry curvature by chemical doping is more complicated than previously thought, i.e., shifting E F in a rigid band structure.
In general, the anomalous Hall effect can come from both intrinsic effects, i.e., Berry curvature of the ground-state wavefunctions, and extrinsic effects such as skew scattering and side jump [13] . We next apply two methods to decompose the total AHC to intrinsic and extrinsic contributions. For the first one, the relation of A x y  and xx  was fitted using the formula log
 [14] . As shown in inset of Fig. 2(a) , the value of the scaling exponent α basically keeps at 2  1.9 for x = 0  0.17, which indicates that the intrinsic contribution originated from Berry curvature dominates the AHC within this doping range. With further increasing Ni content, α drops to 1.63, indicating that the extrinsic contribution from the impurity scattering is enhanced. The evolution of α with Ni doping indicates that while the AHC is dominated by the intrinsic contribution the weak extrinsic contribution gradually increases.
To quantitatively reveal the contributions of intrinsic and extrinsic mechanism, the TYJ scaling model, proposed by Tian et al. [15, 16] , was further adopted. As a scaling  being the residual resistivity, TYJ model has been widely used in many systems [17] [18] [19] [20] . In this model, the first item on the right of the equation comes from the contribution of the extrinsic mechanism to AHE. The second item comes from the intrinsic contributions of band Berry curvature. The TYJ scaling can also be expressed as Having established that the observed AHC enhancement is caused by the tailoring of the Berry curvature of the ground-state electronic structure, we next applied the atomistic description of chemical doping using state-of-art density functional theory (DFT) approaches to gain the fundamental picture of such doping-induced modulation [21, 22] . Generally, doping by electrons means that the E F shifts towards the conduction band. However, such definition naturally assumes a rigid band model inactive to the doping process. On the other hand, pushing E F to a higher energy often leads to reactions of the electronic structure. A famous example is the formation of polarons, where the states of introduced carrier couple with the local distortion of the lattice. Specifically, local distortions inevitably induced by doping can result in the global electronic structure an ensemble averaged property <P(S i )> from many random configurations S i , rather than a property P(<S>) of averaged structure <S> [23, 24] . Therefore, a comprehensive description of doping, especially for quantities like Berry curvature that is sensitive to the electronic structure, should consider <P(S i )> that includes disorder effect, local environment and symmetry breaking (even the translational symmetry), etc. Thus, we construct large supercells to capture the experimental conditions after the introduction of dopants (see Supplemental Material for calculation details). Then, we take the "effective band structure" (EBS) method [25] [26] [27] [28] [29] to unfold the supercell band structures into the primitive Brillouin zone (BZ) for further theoretical analysis.
The advantage of EBS is that it transfers the complex E-k dispersion within a small supercell BZ into the spectrum density in the primitive BZ. As we will show below, we find that the doping-induced band modulation is vital to understand the experimentally observed AHC evolution.
The band structure of the pristine Co 3 Sn 2 S 2 is shown in Fig. 3(a) . With SOC the nodal lines of Co 3 Sn 2 S 2 caused by band inversion are all gapped except three pairs of isolated Weyl points, in agreement with the previous work [4, 5] . In slightly Ni-doped Co 3 Sn 2 S 2 (x = 0.056), extra electron filling moves E F up macroscopically as expected ( Fig. 3(b) ).
Remarkably, due to the local distortion, a special form of disorder effect induced by doping, Fig. 3(b) also shows significant band splitting along both U-L and L-Γ paths. Such splitting could broaden the band spectra and thus reduce the inverted band gap. More dopants further shift E F upwards and enhance the band broadening, as shown in Fig. 3(c) (also Fig. S6 ). Recall that the AHC depends on both of the inverted band gap and the position of E F (see Supplemental Material), the synergic effect of E F movements and band gap narrowing determines the evolution of AHC upon doping.
As shown in Fig. 3(d) , the peak value of the energy dependent AHC of pristine Co 3 Sn 2 S 2 calculated by integrating the Berry curvature of all the occupied bands is exactly located at E F . If we resort to the rigid band model [30] , the Co substitution by Ni introduces extra electrons and thus moves E F to a higher energy, the AHC should decrease accordingly, as mentioned before. To confirm this, we also applied the virtual crystal approximation (VCA) approach [31, 32] , which considers a symmetry-preserved primitive cell composed by "virtual" atoms that interpolate between the behavior of the atoms in the parent systems, to simulate the doping effect. Compared with the supercell approach, VCA method counts the electron occupation correctly, but excludes all the doping-induced disorder effects.
Indeed, we found that the band structure of doped Co 3 Sn 2 S 2 only captures the feature of E F movements within an almost intact band structure (see Fig. S4 ). As a result, the calculated AHC decreases monotonically with increasing Ni doping (see Fig. S5 ), which is inconsistent with the experimental observation. In sharp contrast, our supercell approach predicted an AHC enhancement at x = 0.056, indicating that the doping-induced modulation of the electronic structure is indeed important to enhance the Berry curvature. Furthermore, the supercell approach also reproduces the AHC evolution with a maximum compared with that of the intrinsic component decomposed from the measured AHC except for a slightly shifted peak position, as shown in Figs. 3(d) and 3(e).
Overall, our supercell approach captures both the E F -shifting effect from extra electron filling and the band broadening effect from disorder and local distortions. The former (latter) factor tends to reduce (enhance) the intrinsic contribution to AHC of Co 3 Sn 2 S 2 , leading to a competing mechanism of the evolution of intrinsic AHC, as illustrated in Fig. 3(f) . At low doping levels, as long as that E F is still located mostly within the inverted gap, the total AHC is dominated by the gap narrowing from band broadening, leading to an increasing trend. This can be confirmed by the fact that the peak of energy-dependent AHC for x = 0.056 is also located at E F (see Fig. 3(d) ). On the other hand, at high doping levels E F moves away from the inverted gap region and thus strongly suppresses the total AHC despite of an even smaller inverted band gap.
From the conventional viewpoint [13] , the anomalous Hall effect is proportional to M according to The reported data were taken from references that can be found in Table S3 .
